Data from animal models indicate that neonatal stress or pain can permanently alter subsequent behavioral and/or physiological reactivity to stressors. However, cumulative effects of pain related to acute procedures in the neonatal intensive care unit (NICU) on later stress and/or pain reactivity has received limited attention. The objective of this study is to examine relationships between prior neonatal pain exposure (number of skin breaking procedures), and subsequent stress and pain reactivity in preterm infants in the NICU. Eighty-seven preterm infants were studied at 32 (G1 weeks) postconceptional age (PCA). Infants who received analgesia or sedation in the 72 h prior to each study, or any postnatal dexamethasone, were excluded. Outcomes were infant responses to two different stressors studied on separate days in a repeated measures randomized crossover design: (1) plasma cortisol to stress of a fixed series of nursing procedures; (2) behavioral (Neonatal Facial Coding System; NFCS) and cardiac reactivity to pain of blood collection. Among infants born %28 weeks gestational age (GA), but not 29-32 weeks GA, higher cumulative neonatal procedural pain exposure was related to lower cortisol response to stress and to lower facial (but not autonomic) reactivity to pain, at 32 weeks PCA, independent of early illness severity and morphine exposure since birth. Repeated neonatal procedural pain exposure among neurodevelopmentally immature preterm infants was associated with down-regulation of the hypothalamic-pituitary-adrenal axis, which was not counteracted with morphine. Differential effects of early pain on development of behavioral, physiologic and hormonal systems warrant further investigation. q
Introduction
Repeated pain in immature neonates has long-term effects on the developing organism, including pain systems (Anand, 2000; Anand et al., 1999; Andrews and Fitzgerald, 1994; Grunau, 2002; Grunau et al., 1994; Ren et al., 2004) . However, pain is one dimension in a broader context of stress reactivity, and the capacity of the individual infant to self-regulate (Grunau, 2003) . Experimental animal studies have shown that exposure to neonatal stress of maternal separation, and environmental manipulations of handling, can permanently alter (increase or decrease respectively) development of both behavioral and physiological (hypothalamic-pituitary-adrenal axis; HPA) responsiveness to subsequent stressors (for reviews see Ladd et al., 2000;  
